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NEV USSR METHODS OF PROSPECTIRG 78R’ PETROLEUM
—-\“_.___.M___—__

5. F. Fedorov
Corr Mem Acad Sci USSR

Geochemical methods of prospecting, as distinguished from most geophysical
methods, actually establish the

Presence of petroleum rather than merely aid
in clarifying the nature of the geological structure. Geochemical methods 1in-
clude: (1) V. A, Sokolov's

method of gas sampling, {2) method of taking gas
samples that is based on investigation of the gases

diss0olved in water, (3) re-
dox potential method, (L) hydrochemical method,

V. A. Sokolov's method is generally known. The redox potential method s
being developed at the Petroleum Institute's Laboratory of Geochemical Bituminol-
Ogy under the direction of V. E. Levenson. It is based on the following prin-
ciple. Petroleun exhibits a higher level of oxidation-reduction intensity than
the surrounding rocks » 1.e., its rH 15 lower than that of the rock strate. When
one of the units composing a complex of redox Bystems has a capacity which greatly
exceeds that of the others » the redox potential of the total complex will, for
all practical purposes, be equal to that of the dominant system. It follows from
this that wherever a sizable petroleunm occurrence is present, the capacity of
its redox factor will be sufficiently large in comparison with that of the
surrourding rocks to exert a predominant influence. Levenson's investigations

petroleum occurrence, there is cbserved a
regular decresse of the rumerical values of rH which is not affected ts con-
siderable differences in the rock compuoition. No other factor except the
presence of petroleum can produce this state of affairs.

The correctness of the theory on which this method of

vas first tested by carrying out measurements in the vieini
fields that are under exploitation.

prospecting is bgasi
ty of known petroleun
Practical application of the method prroved
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to be successrui: the rich Yamsamal 'sk occurrence and the “Promezhutochnaya"
and Troyekurovo-Gubinsic structures in the Syzran' region, which contain in-
dustrially exploitable petroleum occurrences, vere located with its asgd.

Purther work on the ri method of prospecting will inciude invesiigation

depth of petroleum

sampling by methods (1) ang (2) permits determination of the genera) outlines
of a petroleum fielq » the redox potential method permits a more precige plot-
ting ¢™ the field ang , in aly probatiiity, also determination of its depth.

Of great help in petroieum Prospecting is V., A, Sulin's hydrochemical
method. There are foup typea of subterranean water, In the order of their
oceurrence in depth {starting from the surface), vaters belong to the sodium

Bulfate, sodium carbonate » magnesium chloride, or caleium chloride iypes.
Water of the sodium sulfate type i3 surface water. Its preser.e indicates
that tbe geologicel structure is open. When this water occurs at a consider-
able depth and is of a jow concentration, the chances

is present. Magnesium chloride and calel
latter) are ansformation in depth. Water of the
calcium chloride type indicates that the geological structute 18 closed to a
high degree and eonsequently that conditions are favorable for the preservation
of petroleum, if the latter is present. Bowever, when the cross section is of

& pronounced sulfate type, waters which are intermediate between the sodium
sulfate and magnesium chloride types and algo exhibit a high concentration may
indicate that the structure is closed to a considerable extent ‘\'e.g., Buguruslan).

carbons. Indirect evidence of petroleum is furnished by water bhaving & high
content of iodine and hydrogen sulfife and showing a low content (or total ab-

sence) of sulfates. The bromine content apparently has no bearing on the pres-
ence or absence of petroleum.

Lately, increased importance is being a*tached b
to the question of whether an occurrence is primary o

is not of theoretical interest only, but has a definite practical 8'gnificance,
The solution of the problem involved can be achieved in the following ways:

(a) by applying general geological methods 5 1 e., by determining where and how
the petroleum ana 80i1d bitumens are depostied, (b) by subjecting to a “horough
investigation petroleum crudes from v

arious levels /“horizons®/, occurrences ,
regions, and area.t, ard comparing these crudes with each other, and (c) by study.-
ing the trace elenents associated with various petroleum crudes and bitumeus.

Iu the oil-bzaring layer of Second Baku
cracks of rock ocourrences and its absence i

Y petroleum specialists
T secondary. This question

» the presence of Devroleum in tne
n the surrounding rock serve s

e Caspian region, which was carried
out by Levenson, Bces in the bituminous formatione
typical for thege Clays absorb the asphaltene. resin
fraction of netroleum crudes more readily than do sands. However, in both clays
and sands the :oncentration of asphaltene-resin components must be higher then

in petroleum erudes. These relationships are observed in the Maykop strate.,
but not 1n the productive thickness. The only reasonable explanation for this
difference 15 that the petroleum in the layers of the Productive thickness guss
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be of a secondary nature. In secondary dcp‘ petroleun, after being exposed
in the new bed, undergoes congidarable changes, which
continue during the period when edsorption of bitumincus occlusions by the sur-

quent changes will be produced by oxidation, Then the betroleum will be oxi.
d1zed more intensively than the adsorption compounds with roek materiael, so
that finally the petroleun may become richer in the asphaltene-resin fraction
than the rock adsorption compounds, Similar Lastors may A18turd the correct
relationship between bituminoug formations in clays and saids. We then find
the conditions observed in the Azerbaydzhan productive tnickness, Cages in
which the petroleun 1, grates into a medium whioh is more highly reductive than
the mother stratas are quite exceptional,

In primary 8ites, both petroleum and bitwminoug occlusions have not exposed
to any new conditions since formation and, for that resson , do not undergo any
particular changes, Relationships of the normal type will Preveil, {.e., they
will correspond to those which are found in the Maykop strata, Thus investiga-
tion of the asphaltene-rasin fractions in petroleun crudes of the productive
thickness and of the Maykop strata has demonstrateq the secondary nature of
petroleun occurring in the Azerbaydzhan productive thickness, The criterion
applied here hoids not only for terrigenous, but also for carbonate deposits.

A eecond method developed by Levenson's laboratory is applicable in cages
where regional relationahips can be established by determining the character
of bituminous formations.

A third method of investigation 1z based on comparing petroleum crudes
from various stratigraphic levels or on comparing bituminous ocelusions along
various paths of petroleum migration. Under certain comditions, comparison of
data obtaineq by specific gravity measurements and by determination of the con-
tent of asphaltene-resin components or gome o.ier easily adsorbed component
may aid in establishing the type of the deposit and the genetic relationships
rertaining to it, In geological structures in ahich migration proceeds along
disrupted zones, the intensity of adsorption DProcesses along the course of pet-
roleum migration is comparatively lov. In guch cases, correspondence of petre..
leun composition to the adsorptive Properties of collectora gerves as an index
of the genetic connection between petroleum crudes of different levels.

age of the petroleum. In other vords, netroleum of g definite age yields ash
' having a charactoristie content of trace elements.

As far as ‘:race elements are concerned, petroleum crudes anl bitumens of
the USSR can . divided into two large groups:

1. Petroleun crudes and bitumens of the Tertiary era (Ba.ku, Sroznyy) .

In the composition of their ash, silicon and iren predominate, whi:e vanad fum,
nickel, and Copper are either absent or present in negligible quantities.
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2. Petroleum crudes and bitumens of the Paleozoic era (Ural-vVoiga); in
the ash of crudes of this group, venadium, nickel, copper, and iron predominate.

Group 2 s in turn divided into two subgroups according to the V/Ri
ratio: .

a. Petroleum crudes and bitumens of the Upper Permian, in which V/Ni
on the average amounte to 5.

b. Petroleum crudes and bitumens of Lover Permian and Carboniferous

origin vith an average V/Ni ratio of 2-3. .

These relationships apply to normal, liquid petroleum crudes as well as to
viscous oils of low mobility and sclid bitumens (asphaltites),

The V/N1i ratio enabled Gulyayeva to defferentiate between Ufa, coal, and
Artinsk petroleums. The data in question can be used for establishing the
l stratigraphic group to which the caustobilite belongs in cases vwhere the age
* of the petroleum is not known. In drewing conclusions of this type, one must
take into consideration factors affecting trace-element composition as well as
the ratio of these elements. These factors inclue veathering to a great ex-
tent, under participation of oxygen and vater, as well as adsorption processes
taking place while the petroleum moves along a stratum. Furthermore ; & con-
sidarable amount of rock mzy be mixed vith the bitumen. The rock matter is
" occasionally difficult to separate from the orgamtc mass (asphaltites). Under
the circumstances, 1ts Dbresence may affect the V/Ni ratio , because some rocks
contain a considerable amount of these elements,

Geochemical investigation of the crude oils and solid bitumene of Second
Baku indicated that only a few steps or phases were involved in their genera-
tion. Investigation by the same methods of petroleum crude in the Azerbaydzhan
productive thickness established 1n an incontrovertible manner that this petro-
leum is of a secondary nature.

In regard to the formatiqn of petroleum occurrences and methods of pros-
pecting for them, the following cofrelusions can be made.

In view of the fact that not all petroleum occurrences were formed under
identical conditions, there can be no single method of prospecting wvhich is
applicable throughout the USSR, However, asome general relationships may be
traced.

There are tvo types of petroleum deposits in the USSR: tectonic and
stratigraphic. The search for anticlinal folds has & ways been one of the most
important tasks of petroleum geologists, and it still remains important at
present. However, as early as 1910, since the first investigations carried
out by I. M. Gubkin, the existence of stratigraphic deposite also became kaowa.

As far as stratigraphic or zonal petroleum occurrences in the USER are
concerned, three types of them are known:

1. Deposits of the type occurring in the Yasamal'sk Valley and Chakhnagl yar
on the Apsheron Peninsuia. These deposits are conditioned by the sloping out
of stratigraphic units in porous rocks that are contemporary with them.

2. Deposits of the Rastern Kuban' type (i.e., the Maykop deposits) which
occur under conditions involving erosion of ancient deposits by encient water

streams and ses water ia such a manner that small bays were formed. Subse-
quently, there was f£illing 1in of ercded aress with terrigenous material.
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3+ Occurrences of the Ishimbayew and Chugovskiys Gorodki type, which are
conditioned by tne presence of buried- Teer-ro

Tming mountain masses that are
stratiguphically sharply delineated.

Sclution of problems connected with the type of petroleum oceurrences is
regarded ae one of the most {mportant tasks of petroleum geology. In order that
any petroleum field or

any petroleum deposit ®ay form, the presence of porous
rocks 1s necessary. Origina.lly, the only method nf iny.

were studled by P. P Avdugig and M, A. Tsvetkova, who developed their own
methods of investigating collectors and also devised a new method of classify-

We are nov faced with problems pertaining to the mapping of facies of col-
lectors in any region vhere a search

for petroleum ig conducted. This ig the
second part of the task vhich must be carried out in evalusting the chances of
finding petroleum.

In order to conclude definitely that petroleun 1s present at any site, one
must actually cbserve its bresence. FHow can this be done, when any signs of

Petroleum are sbsent on the surface?r As a rule, geophysical methods alone are,
ineffective in that respect.

In owr opinion » the redox potential method is
best suited for that purpose.

Gas gampling according to V. A. Sokolov 1is also
definitely applicable, and determination of gas

dissolved in water is promising.
V. A. Sulin's hydre :hemical method has been discussed sbove.

deposits, particularly of deposits
graphic beds /literally "traps”/ that
paleogeegraphic problems. V. P. Baturin,
vas a pioneer in this Pield of petroleum geology.

Only thorough paleogeographic investigations can establish the degree of
preservation of petroleum deposits. There is ne other vay of clarifying the
role of the Akchygal'sk transgression in the Pedzhix 88R, the conditions under
which the Tournay 1imestone beds in the region

of Second Baku have been washed
ocut, ete. HEydrogeology mst be applied on & wider scale in the search for

hold them, involves a thorough study of
vho died on 8 November 1945,

Taking into consideration everything that has been gatd concerning the
special characteristics of petroleum occurrences ip the USSR, it r ¢ be em-
phasized that in prospeoting for petroleum, ve are still iy the earliest stage,
i.e., wve get petroleum from anticlinpe arches or zones in the vicinity of these
arches. Methods of searching for stratigraphic deposits have not yet been de-
veloped, and the most promising tagk of petroleum geologiats lies in this fiela.

The multiplicity of vays
formed and the fact that any

strata sink to a great depth. 8tratigraphic deposits will predcminate there,
The truth of this is confirmed by the experience acquired at Baku. In other
vorde, petroleum must be searched for at great distances from anticline arches ,
in deep parts of monoclines s etc,

This will constitute the second stage of prospecting for petroleum in the
USSR. This second stage vill make the USSR the foremost petroleum-producing
country in the world.

~-BERD -
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